suggesting that transportation induces a significant critical stress.
Acclimation to the environment is of importance in animal experimentation, and laboratory animals purchased from breeders should be used for experiments after a certain period of acclimation to the facility's environment. Without adequate acclimation there might be risks of inaccurate, incorrect and/or irreproducible experimental data, although little information is available on the subject.
Under continuous lighting adult female rats are known to lose their estrous cycles and exhibit persistent estrus, probably because of profound influence on the hypothalamus-pituitary-gonadal functions [1, 2, 4, 7, 8] . Light has been considered to cue the rhythm on which the rat estrous cycle depends [4, 8] . This study shows the necessity of acclimation after transportation in the induction of persistent estrus (PE) under continuous lighting for 24 h.
Female Wistar-Imamichi (WI) rats aged 4 weeks or 11 to 12 weeks were transported to this facility from the Imamichi Institute for Animal Reproduction, Tsuchiura, Ibaraki, Japan. They were maintained at 24 ± 1°C and relative humidity of 50-60% with different lighting regimens, and were provided with commercial pellets (NMF, Oriental Yeast Co., Ltd., Tokyo) and tap water ad lib. All the experimental procedures were in accordance with the guide for the care and use of laboratory animals of Kitasato University School of Medicine.
The lighting conditions at this facility were as follows. Seven rats purchased at 4 weeks of age were kept on 14L/10D for 7 to 8 weeks and then placed under 24L (Group A), while 7 rats purchased at 11 to 12 weeks of age were placed in the 14L/10D environment for 1 week and then placed under 24L (Group B). The third group of 8 rats purchased at 11 to 12 weeks of age was placed under 24L immediately after arriving at the facility (Group C), and another group of 8 rats purchased at 11 to 12 weeks of age were kept at 14L/ 10D (Group D).
The estrous cycle stages were determined by daily vaginal smears. The WI rats used in this study had a regular 4-day estrous cycle: leucocytic diestrus for 2 days, nucleated epitherial proestrus for 1 day each and then cornification estrus. The time length to the onset of PE after transferring to the continuous lighting environment was analyzed using one-way analysis of variance (ANOVA), StatView 5.0. Fisher's PLSD was used to examine group differences. A value of P<0.05 was considered to be significant. The data were expressed as the mean ± standard error (SEM).
The experimental design and results are schematically shown in Fig. 1 . All the rats exposed to continuous lighting (Group A to C) showed persistent estrus (PE), but the processes and time lengths to the onset of PE were different among the groups. In Group A PE was established without any irregular cycles. In Groups B and C, however, PE was induced after several regular 4-day cycles followed by some irregular cycles.
As seen in Table 1 , the time lengths to PE after placing the rats under continuous lighting were 18.7 ± 0.3 (mean ± SEM., range: 18-20), 41.1 ± 4.1 (33-63) and 57.1 ± 4.0 (44-73) days in Groups A, B and C, respectively, and were significantly different (P<0.01) among the three groups. The time lengths in Groups B and C were about 2.2 and 3.1 times, respectively, greater than in Group A. a, b, c) Significant differences are indicated by different letters (P<0.01).
Fig. 1. Induction of persistent estrus (PE) under continuous lighting (24L) condition in different types of acclimation after transportation. Group
A: purchased at 4 weeks of age and then transferred to a 24L environment at 11 to 12 weeks of age, after being in a 14L/10D environment for 7 to 8 weeks. Group B: purchased at 11 to 12 weeks of age, housed under 14L/10D for 1 week and then transferred to 24L. Group C: purchased at 11 to 12 weeks of age and placed under 24L without acclimation. Group D: purchased at 11 to 12 weeks of age and placed in a 14L/10D environment. The broken line represents the unobserved but expected estrous cycles.
Mice and rats used in animal experiments are usually transported to experimental facilities from animal breeders, and are packed for the one day usually required for transportation.
The transportation stress is unquantifiable but not negligible in animal experiments.
Under a controlled daily photic (light-dark) cycle, female rats show a regular estrous cycle, and they exhibit a prolonged estrous stage within 2 to 3 weeks after transfer into 24L. In the regular light/dark rhythm, the induced PE in the absence of the light/dark rhythm disappears and the normal cycles can be re-established.
The WI rats used in this study showed regular 4-day estrous cycles, and with adequate acclimation PE was induced at 18.7 days after placing the rats into a 24L environment. The time length to the establishment of PE in Group A coincided with those previously reported [4, 7] , but it was longer in the B and C groups with short acclimation and without acclimation. In groups B and C, several irregular cycles were observed before the establishment of PE. The delayed establishment of PE following inadequate acclimation might result from the estrous cycle being "a light dependent cycle" [4] , depending on the light/dark rhythm.
Various bodily stresses seriously affect physiological, hormonal, immunological, and neurological functions during and after transportation of animals, which are not recovered within one week after transportation. Thus, transported animals should, as soon as possible, be placed in environments similar to those in which they were born and raised. The relationships to hormonal-change stress have previously been reported in the induction of PE in 24L [3, 5, 8] .
